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(54) BUSBARKIT

(67) A busbar kit is provided. The busbar kit electri-
cally connects a circuit breaker and a main busbar, and
comprises an insulating case having an inner space, a
branch busbar disposed in the insulating case such that

the branch busbar is spaced apart from the main busbar
and crosses over the main busbar, and a busbar con-
nector for electrically connecting the main busbar and
the branch busbar.
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Description

Technical Field

[0001] The presentinventiongenerallyrelatestoabus-
bar kit.

Background Art

[0002] In general, a distribution board distributes elec-

tric currents to factories, or to large-scale residential
buildings such as apartments while interrupting overcur-
rent, which prevents electric accidents and protects elec-
trical loads.

[0003] A conventional distribution board includes a
main circuit breaker in which electric power is led from a
power source and breaks circuits when necessary; a plu-
rality of main busbars that come into contact with the
terminals of the main circuit breaker that are connected
to loads; a plurality of circuit breakers for distributing elec-
tric power supplied from the main circuit breaker to the
loads; and the branch busbar that comes into contact
with the main busbars and the terminals of the circuit
breaker for distribution therebetween such that the
branch busbar distributes the route of current supplied
from the main busbars.

[0004] To connect the main busbars and the branch
busbar to each other using screws, the conventional dis-
tribution board requires tap work in which a hole is cut
through a screw and a threaded surface is formed in the
inner circumferential surface of the hole. In addition, the
tap work requires specific facilities, thereby making the
manufacturing process of the distribution board compli-
cated, and mass production thereof difficult. Further-
more, the conventional distribution board requires man-
uallabor, and thus it requires time and manpower to man-
ufacture, thereby increasing manufacturing cost. In ad-
dition, when the conventional distribution board is re-
quired to be modified for adding circuits during the man-
ufacturing, on-site installation and use of the convention-
al distribution board, the hole work and tap work of the
main busbars and the branch busbar makes itimpossible
to efficiently perform the modifications.

[0005] In recent years, the busbar kit including the
branch busbar has been used such that the branch bus-
bar is not exposed to outside. However, since it is not
easy to mount the busbar kit to the distribution board, it
requires much working time and manpower. Further, if
any one of the components mentioned above malfunc-
tions, all components including an adjacent busbar kit
are required to be removed from the distribution board,
which makes it difficult to repair and replace the compo-
nent that is out of order.
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Disclosure
Technical Problem

[0006] Accordingly, the present invention has been
made keeping in mind the above problems occurring in
the related art, and the present invention is intended to
propose a busbar kit that enables the manufacturing
process of a distribution board to be simple, thereby mak-
ing it possible to efficiently modify the distribution board.
[0007] The present invention proposes the busbar kit
that can improve the performance of a distribution board.
[0008] Other objects of the present invention will be-
come apparent from the following detailed description
and the accompanying drawings.

Technical Solution

[0009] In order to achieve the above object, according
to one aspect of the present invention, there is provided
a busbar kit electrically connecting a circuit breaker and
amainbusbar, the busbarkitincluding: aninsulating case
having an inner space; a branch busbar arranged in the
insulating case such that the branch busbar is spaced
apart from the main busbar and crosses over the main
busbar; and a busbar connector for electrically connect-
ing the main busbar and the branch busbar.

[0010] The busbar connector may include: an upper
member that comes into contact with the branch busbar;
a lower member that comes into contact with the main
busbar; and a connecting member connecting the upper
member and the lower member to each other.

[0011] The insulating case may include: a front plate
and a rear plate arranged parallel to each other; outer
side plates connected to opposed ends of the front plate
and the rear plate; an upper plate connected to upper
edges of the front plate, the rear plate, and the outer side
plates; a plurality of lower plates connected to lower edg-
es of the front plate and the rear plate, and spaced apart
from each other; and a plurality of inner side plates con-
nected to edges of the lower plates and arranged parallel
to the outer side plates, wherein the front plate and the
rear plate have openings extending from opposite edges
of the lower plates of the insulating case to the inner
space of the insulating case such that areas between the
inner side plates of neighboring elements defined by the
inner side plates and the lower plates are exposed to a
front side and a rear side of the insulating case.

[0012] The busbar kit may further include: a connector
support mounted to the rear plate or to the inner side
plates, the connector support being inserted between the
upper member and the lower member of the busbar con-
nector so as to support the busbar connector. The con-
nector support may include: a spring support groove
formed at a portion facing a lower surface of the upper
member of the busbar connector; and a spring provided
in the spring support groove so as to support the busbar
connector.
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[0013] First holes may be provided in the outer side
plates, the first holes exposing the inner space to an out-
side, second holes may be provided at positions corre-
sponding to the first holes in the inner side plates, and
the busbar kit may further include a main busbar support
rod inserted into the first holes and the second holes so
as to support the main busbar.

[0014] The busbarkitmay furtherinclude a branch bus-
bar guide mounted to an inner surface of the insulating
case, the branch busbar guide locking the branch busbar
in the inner space.

[0015] The busbar kit may further include: a press unit
provided on the branch busbar, the press unit bringing
the branch busbarinto contact with the busbar connector.
The press unit may include a nut and a bolt.

[0016] The busbar kit may further include press unit
supports mounted to an inner surface of the insulating
case, the press unit supports having insert grooves into
which predetermined portions of the press unit are in-
serted.

[0017] The insulating case may include: an insulating
case body defining the inner space therein; and an upper
plate mounted to upper edges of the insulating case body,
wherein the upper plate is removably mounted to the in-
sulating case body.

Advantageous Effects

[0018] According to exemplary embodiments of the
present invention having the above-mentioned charac-
teristics, it is possible to simply mount the busbar kit to
a distribution board. In addition, the busbar kit can be
easily removed from the distribution board. Accordingly,
in case of the malfunction of the busbar kit, the malfunc-
tioned busbar kit alone may be removed from the distri-
bution board for repair or replacement. Accordingly, it is
possible to simply manufacture the distribution board,
and to efficiently modify the distribution board. Further,
a branch busbar and a main busbar can be stably con-
nected to each other by a busbar connector in the busbar
kit, thereby improving the performance of the distribution
board.

Description of Drawings

[0019] FIG. 1is atop plan view of a distribution board
having busbar kits according to a first embodiment of the
present invention.

[0020] FIG. 2ais an exploded perspective view of one
of the busbar kits according to the first embodiment of
the present invention, and FIG. 2b is a cross-sectional
view taken along line A-A of FIG. 1.

[0021] FIG. 3a is an exploded perspective view of a
busbar kit according to a second embodiment of the
present invention, and FIG. 3b is a cross-sectional view
taken along line A-A of FIG. 1.

[0022] FIGS. 4 to 11 are cross-sectional views of bus-
bar kits according to other embodiments of the present
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invention.

[0023] FIGS. 12ato 12c are top plan views of the bus-
bar kits according to the embodiments of the present in-
vention.

Best Mode

[0024] Hereinafter, the present invention will be de-
scribed in detail by using embodiments. Objects, features
and advantages of the present invention will be readily
understood through the following examples. The present
invention is not limited to the embodiments described
herein, and may be embodied in other forms. The exem-
plary embodiments introduced herein are provided to
make disclosed contents thorough and complete and to
sufficiently transfer the spirit of the present invention to
those skilled in the art of the present invention. Accord-
ingly, the present invention is not to be limited by the
following embodiments.

[0025] The size of the element or the relative sizes be-
tween elements in the drawings may be shown to be
exaggerated for more clear understanding of the present
invention. In addition, the shape of the elements shown
in the drawings may be somewhat changed by variation
of the manufacturing process or the like. Accordingly, the
embodiments disclosed herein are not to be limited to
the shapes shown in the drawings unless otherwise stat-
ed, and itis to be understood to include a certain amount
of variation.

[0026] Though the embodiments of the present inven-
tion take the example of a distribution board, the present
invention is not limited to the distribution board. The bus-
bar kit according to the embodiments of the present in-
vention may be applied to switchboards and low voltage
distribution boards.

[0027] FIG. 1 is a top plan view of a distribution board
having busbar kits 100 according to a first embodiment
of the present invention.

[0028] Referring to FIG 1, the distribution board 1 may
include a first circuit breaker 10, second circuit breakers
20, main busbars 30, and the busbar kits 100. The com-
ponents of the distribution board 1 including the first cir-
cuit breaker 10, the second circuit breakers 20, the main
busbars 30, and the busbar kits 100 are included in an
enclosure (not shown) and thus can be protected from
an outside. The enclosure may include main plates on
which the components are arranged, and an upper plate
mounted to the main plates, the upper plate covering the
components.

[0029] The first circuit breaker 10 is a main circuit
breaker, and the single first circuit breaker 10 may be
included in one distribution board 1. Thefirst circuit break-
er 10 may include a power source terminal assembly 11,
a load terminal assembly 12, and a cut-out switch 13.
The power source terminal assembly 11 is a terminal
assembly to come into contact with the power source,
and the load terminal assembly 12 is a terminal assembly
to come into contact with loads. The power source may
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refer to an electric power supply (not shown) or an electric
power lead-in wire (not shown), while the loads may refer
to the main busbars 30 or the second circuit breakers 20.
The cut-out switch 13 can start or stop electric current
flow between the power source terminal assembly 11
and the load terminal assembly 12.

[0030] Thesecond circuitbreakers 20 are circuitbreak-
ers for distribution, and a plurality of second circuit break-
ers 20 may be included in one distribution board 1. The
second circuit breakers 20 may include: power source
terminal assemblies 21 to come into contact with the pow-
er source; a load terminal assembly 22 to come into con-
tact with the loads; and a cut-out switch 23. The cut-out
switch 23 can start or stop electric current flow between
the power source terminal assemblies 21 and the load
terminal assembly 22. The second circuit breakers 20
distribute electric power supplied from the first circuit
breaker 10 to the loads.

[0031] The main busbars 30 electrically come into con-
tact with the load terminal assembly 12 of the first circuit
breaker 10. The main busbars 30 are made of conductive
materials, and arranged to correspond to an alternating
current phase and a neutral phase respectively. For ex-
ample, each of the main busbars 30 is arranged to cor-
respond to the alternating current R, S, T, and neutral
phase (N), each of which is spaced apartfrom each other.
[0032] The busbar kits 100 are arranged to cross the
main busbars 30. The busbar kits 100 electrically connect
the main busbars 30 and the second circuit breakers 20
to each other. For example, when the second circuit
breakers 20 are three-phase three-wire circuit breakers,
three busbar kits 100 may be connected to the second
circuit breakers 20.

[0033] Colored labels foridentifying respective phases
may be attached on an upper plate 117 of each of the
busbar kits 100. For example, a black label for an R
phase, a red label for an S phase, a blue label fora T
phase, and white or gray label for an N phase may be
attached.

[0034] FIG. 2ais an exploded perspective view of one
of the busbar kits 100 according to the first embodiment
of the presentinvention, and FIG. 2b is a cross-sectional
view of the busbar kit taken along line A-A of FIG. 1.
[0035] Referringto FIGS. 2a and 2b, the busbar kit 100
may include an insulating case 110, a branch busbar
120, and busbar connectors 130.

[0036] The insulating case 110 may include an insu-
lating case body 111, a front plate 116, and the upper
plate 117.

[0037] Theinsulatingcasebody 111 mayinclude arear
plate 112, outer side plates 113, lower plates 114, and
inner side plates 115.

[0038] Components of the busbar kit 100 such as
branch busbar guides 125, connector support plates 135,
connector supports 141, and first press unit supports 156
are mounted to the rear plate 112. The rear plate 112
may have a configuration corresponding to the front plate
116.
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[0039] The outerside plates 113 may includefirstholes
113a. The first holes 113a may have upper spaces and
lower spaces therein that are different from each other
in width. The width of each of the upper spaces may be
larger than the width of each of the lower spaces. The
upper spaces of the first holes 113a may include insertion
holes 113b extending to portions that come into contact
with the front plate 116. Connecting parts 122 of the
branch busbar 120 are inserted into the insertion holes
113b such that the branch busbar 120 can be efficiently
mounted to the insulating case 110. The connecting parts
122 of the branch busbar 120 may be exposed to the
outside of the insulating case 110 through the first holes
113a. The main busbar support rod 160 may be inserted
into the lower spaces of the first holes 113a.

[0040] A plurality of lower plates 114 are spaced apart
from each other, and arranged parallel to each other.
Further, the plurality of inner side plates 115 connected
to respective edges of the lower plates 114 may be ar-
ranged parallel to the outer side plates 113. The inner
side plates 115 may include second holes 115a. The sec-
ond holes 115a correspond to the lower spaces of the
first holes 113a, and thus the main busbar support rod
160 may be inserted into the first holes 113a and the
second holes 115a. The main busbars 30 can be inserted
into areas 114a defined between the inner side plates
115 of neighboring elements defined by the inner side
plates 115 and the lower plates 114. Before the main
busbar support rod 160 is inserted into the busbar kit
100, the busbar kit 100 is arranged in the distribution
board (refer to 1 of FIG. 1) such that the main busbars
30 may be inserted into the areas 114a. And then, the
main busbar supportrod 160 is inserted into the first holes
113a of the outer side plates 113 and into the second
holes 115a of the inner side plates 115, and thus the
busbar kit 100 may be mounted to the distribution board.
Accordingly, the busbar kit 100 may be efficiently and
removably mounted to the distribution board due to the
configuration of the insulating case 110 including a plu-
rality of lower plates 114 and the inner side plates 115
defining the areas 114a into which the main busbars 30
can be inserted.

[0041] The front plate 116 is arranged in a front side
of the insulating case body 111 so as to cover the front
side. The front plate 116 may have a plurality of recessed
areas 116a extending from opposite edges of the lower
plates of the insulating case to an inner space of the
insulating case. The recessed areas 116a are arranged
to correspond to the areas 114a. The front plate 116 may
have threaded holes at portions of edges of the front
plate, and thus, bolts are inserted into the holes, thereby
mounting the front plate to the insulating case body 111.
[0042] The upper plate 117 is mounted to upper edges
of the insulating case body 111 to cover an upper part of
the insulating case body. The upper plate 117 can be
removably mounted to the insulating case body 111 by
a slide or one-touch method on upper edges of the insu-
lating case body 111.
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[0043] Thebranchbusbar 120 may include a body part
121 and the connecting parts 122. The body part 121
may have a thin bar shape, ends of which are bent, such
that the body part 121 can be arranged in a predeter-
mined inner space of the insulating case 110. The con-
necting parts 122 are exposed to the outside through the
first holes 113a of the outer side plates 113 such that the
connecting parts 122 may come into contact with the
power source terminal assemblies 21 of the second cir-
cuit breakers 20.

[0044] Each of the busbar connectors 130 is arranged
between the branch busbar 120 and each of the main
busbars 30 so as to electrically connect the branch bus-
bar 120 and the main busbar 30 to each other. The busbar
connector 130 may include an upper member 131, a con-
necting member 132, and a lower member 133. The up-
per member 131 is arranged under the branch busbar
120 so as to come into contact with a lower surface of
the branch busbar 120, and the lower member 133 is
arranged on the main busbar 30 so as to come into con-
tact with an upper surface of the main busbar 30. The
connecting member 132 may connect midpoints of the
upper member 131 and the lower member 133 to each
other.

[0045] Each of the connector supports 141 is arranged
between the upper member 131 and the lower member
133 of the busbar connector 130 so as to support the
busbar connector 130. The connector support 141 may
be arranged at each side or one side of the connecting
member 132 of the busbar connector 130. The connector
support 141 may be mounted to at least any one of the
rear plate 112 and each of the inner side plates 115 so
as to be stably mounted in the insulating case 110.
[0046] The connector support 141 may have a spring
support groove 141a that holds a spring 145. The spring
145 provided in the spring support groove 141a supports
the upper member 131 so as to elastically support the
busbar connector 130.

[0047] Each of branch busbar guides 125 is mounted
to the rear plate 112 so as to be fixed in the insulating
case 110. The branch busbar guide 125 enables the
branch busbar 120 to be unwaveringly and stably mount-
ed in the insulating case 110.

[0048] Each of connector support plates 135 may be
mounted to the rear plate 112 so as to correspond to the
busbar connector 130. The connector support plate 135
may have the same shape as the busbar connector 130,
and act as a substitute of a predetermined portion of the
busbar connector 130. Accordingly, a length of the bus-
bar connector 130 may be shortened to a length of the
connector support plate 135.

[0049] Each of first press unit supports 156 may be
mounted to the rear plate 112 over the connector support
plate 135, and each of second press unit supports 157
may be mounted to a front plate 116 so as to correspond
to the first press unit supports 156. The first and second
press unit supports 156, 157 may have insert grooves
into which predetermined portions of each of press units
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150 can be inserted.

[0050] Each of press units 150 may include a nut 151
and a bolt 152. A first end part of the nut 151 may be
inserted into the insert groove of the first press unit sup-
port 156, and a second end part of the nut 151 may be
inserted into the insert groove of the second press unit
support 157. A hole of the nut 151 may be exposed be-
tween the first press unit support 156 and the second
press unit support 157, and the bolt 152 can be inserted
into the hole. The bolt 152 presses the branch busbar
120 so as to bring the branch busbar 120 into close con-
tact with the busbar connector 130.

[0051] FIG. 3a is an exploded perspective view of a
busbar kit according to a second embodiment of the
present invention, and FIG. 3b is a cross-sectional view
taken along the line A-A of FIG. 1.

[0052] Referringto FIGS. 3aand 3b, connecting mem-
bers 132 of each of busbar connectors 130 can connect
opposed ends of an upper member 131 and alower mem-
ber 133 to each other. Each of connector support 141
can be inserted into a space defined by the upper mem-
ber 131, the connecting members 132, and the lower
member 133. The connector support 141 are arranged
between inner side plates 115 and mounted to a rear
plate 112. The connector support 141 may have a spring
support groove 141a that holds a spring 145. The spring
145 provided in the spring support groove 141a of the
connector support 141 supports the upper member 131
so as to elastically support the busbar connector 130.
[0053] FIGS. 4 to 11 are cross-sectional views of bus-
bar kits according to other embodiments of the present
invention.

[0054] Referring to FIG. 4, a connecting member 132
and a lower member 133 of each of busbar connectors
130 may be the same in width. Connector supports 141
may have spring support grooves 141a that hold springs
145. The springs 145 provided in the spring support
grooves 141a of the connector supports 141 support an
upper member 131 so as to elastically support the busbar
connector 130.

[0055] Referring to FIG. 5, a connecting member 132
of each of busbar connectors 130 can connect any one
pair of two pairs of opposed ends of an upper member
131 and a lower member 133. Each of connector sup-
ports 141 may be arranged at one side of the connecting
member 132 between the upper member 131 and the
lower member 133. The connector support 141 may have
a spring support groove 141a that holds a spring 145.
The spring 145 provided in the spring support groove
141a of the connector support 141 supports the upper
member 131 so as to elastically support the busbar con-
nector 130.

[0056] Referring to FIG. 6, each of busbar connectors
130 may include two lower members 133 that are sepa-
rated from each other. Two of connecting members 132
can connect opposite end parts of an upper member 131
and the two lower members 133 that are separated from
each other. Each of connector supports 141 can be in-
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serted into a space defined by the upper member 131
and the two connecting members 132. The connector
support 141 may have a spring support groove 141a that
holds a spring 145. The spring 145 provided in the spring
support groove 141a of the connector support 141 sup-
ports the upper member 131 so as to elastically support
the busbar connector 130.

[0057] ReferringtoFIG.7, connector supports 141 can
be inserted into spaces defined by an upper member
131, a connecting member 132, and a lower member 133
of each of busbar connectors 130. The connector sup-
ports 141 may come into contact with a lower surface of
the upper member 131, side surfaces of the connecting
member 132, and an upper surface of the lower member
133. The connector supports 141 may be arranged at
each side of the connecting member 132 or at any one
side thereof. The connector supports 141 may or may
not include either or both of a spring 145 and a spring
support groove 141a.

[0058] Referring to FIG. 8, a connecting member 132
and a lower member 133 of each of busbar connectors
130 may be the same in width. Connector supports 141
may come into contact with a lower surface of an upper
member 131 of the busbar connector 130 and side sur-
faces of the connecting members 132. The connector
supports 141 may be arranged at each side or any one
side of the connecting member 132.

[0059] Referring to FIG. 9, connecting members 132
of each of busbar connectors 130 can connect opposed
ends of an upper member 131 and a lower member 133
to each other. Each of connector supports 141 can be
inserted into a space defined by the upper member 131,
the connecting members 132, and the lower member
133. An outer surface of the connector support 141 may
come into contact with inner surfaces of the busbar con-
nector 130.

[0060] Referringto FIG. 10, a connecting member 132
of each of busbar connectors 130 can connect any one
pair of two pairs of opposed ends of an upper member
131 and a lower member 133 of the busbar connector
130 to each other. Each of connector supports 141 is
arranged at one side of the connecting member 132 be-
tween the upper member 131 and the lower member 133.
[0061] ReferringtoFIG. 11, each of busbar connectors
130 may include two lower members 133 that are sepa-
rated from each other. Connecting members 132 can
connect opposite ends of an upper member 131 and the
two lower members 133 that are separated from each
other. Each of connector supports 141 can be inserted
into a space defined by the upper member 131 and the
two connecting members 132.

[0062] FIGS. 12a to 12c are top plan views of the bus-
bar kits 100 according to the embodiments of the present
invention.

[0063] Referring to FIGS. 12a to 12c, the busbar kits
100 may be manufactured in keeping with phases, that
is, one busbar kit 100 may be manufactured in keeping
with one phase, two busbar kits 100 in combination may
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be manufactured in keeping with two phases, or three
busbar kits 100 in combination may be manufactured in
keeping with three phases.

[0064] The various embodiments of the presentinven-
tion have been described in detail up to now. Although
the preferred embodiments of the presentinvention have
been disclosed for illustrative purposes, those skilled in
the art will appreciate that various modifications, addi-
tions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in
the accompanying claims.

Industrial Availability

[0065] The busbar kit according to the embodiments
of the present invention may be applied to distribution
boards, switchboards, and low voltage distribution
boards.

Claims

1. A busbar kit electrically connecting a circuit breaker
and a main busbar, the busbar kit comprising:

an insulating case having an inner space;

a branch busbar arranged in the insulating case
suchthatthe branch busbaris spaced apartfrom
the main busbar and crosses over the main bus-
bar; and

a busbar connector for electrically connecting
the main busbar and the branch busbar, wherein
the busbar connector includes: an upper mem-
ber that comes into contact with the branch bus-
bar; a lower member that comes into contact
with the main busbar; and a connecting member
connecting the upper member and the lower
member to each other.

2. Thebusbarkitof claim 1, wherein the insulating case
comprises:

a front plate and a rear plate arranged parallel
to each other;

outer side plates connected to opposed ends of
the front plate and the rear plate;

an upper plate connected to upper edges of the
front plate, the rear plate, and the outer side
plates;

a plurality of lower plates connected to lower
edges of the front plate and the rear plate, and
spaced apart from each other; and

a plurality of inner side plates connected to edg-
es of the lower plates and arranged parallel to
the outer side plates, wherein the front plate and
the rear plate have recessed areas extending
from opposite edges of the lower plates of the
insulating case to the inner space of the insulat-
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ing case such that areas between the inner side
plates of neighboring elements defined by the
inner side plates and the lower plates are ex-
posed to a front side and a rear side of the in-
sulating case.

The busbar kit of claim 2, further comprising: a con-
nector support mounted to the rear plate or to the
inner side plates, the connector support being insert-
ed between the upper member and the lower mem-
ber of the busbar connector so as to support the bus-
bar connector.

The busbar kit of claim 3, wherein the connector sup-
port comprises: a spring support groove formed at a
portion facing a lower surface of the upper member
of the busbar connector; and a spring provided in
the spring support groove so as to supportthe busbar
connector.

The busbar kit of claim 2, further comprising:

first holes provided in the outer side plates, the
first holes exposing the inner space to an out-
side;

second holes provided at positions correspond-
ing to the first holes in the inner side plates; and
a main busbar support rod inserted into the first
holes and the second holes so as to support the
main busbar.

The busbar kit of claim 1, further comprising:

a branch busbar guide mounted to an inner sur-
face of the insulating case, the branch busbar
guide locking the branch busbar in the inner
space.

The busbar kit of claim 1, further comprising:

a press unit provided on the branch busbar, the
press unit bringing the branch busbar into con-
tact with the busbar connector, wherein the
press unit includes a nut and a bolt.

The busbar kit of claim 7, further comprising:

press unit supports mounted to an inner surface
of the insulating case, the press unit supports
having insert grooves into which predetermined
portions of the press unit are inserted.

The busbar kit of claim 1, wherein the insulating case
comprises: aninsulating case body defining theinner
space therein; and an upper plate mounted to upper
edges of the insulating case body, wherein the upper
plate is removably mounted to the insulating case
body.
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[Fig. 2a]
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[Fig. 2b]
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[Fig. 3a]
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[Fig. 3b]
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[Fig. 6]
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